Prognostic risk factors in rectal cancer: beyond the anatomic description
=========================================================================

Histopathologic determination of the morphological characteristics of the tumor in the surgical specimen is the best method to stratify patients into different prognostic groups. Thus, the importance of high-resolution (HR) magnetic resonance imaging (MRI) is based on its high sensitivity and specificity in indentifying prognostic risk factors, either surgical or histopathologic, preoperatively, thereby allowing the selection of high-risk patients who will benefit from neoadjuvant treatment in order to improve the results^\[^[@B1]^,^[@B2]^\]^. In addition, HR MRI provides the information necessary to identify patients with a good prognosis whose indication is the primary surgery, thus avoiding overtreatment. Important characteristics in the stratification of patients include determination of (1) the depth of tumor spread beyond the muscularis propria, (2) nodal status, (3) extramural vascular invasion, (4) the circumferential resection margin (CRM) and (5) the presence of peritoneal perforation.

The information gathered from the staging, either clinical (c) or pathologic (p), is grouped according to the TNM classification into different prognostic groups/anatomic stages^\[^[@B3]^\]^. Each group and subgroup, according to the combination of T and N categories, has a certain impact on overall survival and disease-free survival, as well as on the risk of local recurrence and distant metastases. The latest edition of the TNM (seventh), in force since 2010, has made changes based on recurrence and survival data not available in the previous version.

New prognostic factors that are not part of the staging but are clinically relevant have been added to the data collected together with the pretreatment serum level of carcinoembryonic antigen (CEA). They are the so-called site-specific factors including tumor deposits, the tumor regression grade, which determines the degree of pathologic response to neoadjuvant treatment, the CRM, microsatellite instability, perineural invasion and KRAS mutation status^\[^[@B3]^\]^. HR MRI allows the status of the CRM^\[^[@B1]^,^[@B4]^,^[@B5]^\]^ and the tumor regression grade after neoadjuvant treatment^\[^[@B6]^\]^ to be assessed. Moreover, the following independent prognostic factors are also used in patient management: residual disease, histologic type, histologic grade, the level of CEA and cytokines, extramural venous invasion and submucosal vascular invasion by carcinomas arising in adenomas. HR MRI is the only imaging method that shows extramural vascular invasion^\[^[@B1]^,^[@B10]^,^[@B11]^\]^.

Multidisciplinary activity involves the need to be familiar with the terms that are used by the different specialists, such as overall survival and disease-free survival. Both end points are used in most research protocols of adjuvant therapies in oncology. Each end point considers different events. The contribution of each event to the different end points has been defined by Punt et al.^\[^[@B12]^\]^ in a consensus of experts on clinical research on colorectal cancer. Disease-free survival, which is being increasingly used as a primary end point, is defined as the time to any event, regardless of the cause. In its assessment, all events are considered, except loss to follow-up. Locoregional recurrence and distant metastases are among the events considered. On the other hand, overall survival is the time elapsed until death, regardless of the cause, and without clarifying whether the death was due to cancer. Locoregional recurrence and distant metastases are not taken into account.

HR MRI: stratification of patients with rectal cancer according to the prognosis, good or poor?
===============================================================================================

One of the central objectives of the multidisciplinary team (MDT) is the correct selection of patients who will benefit from neoadjuvant treatment. Approximately 40--50% of patients with rectal cancer may be successfully treated with primary surgery without significant risk of local recurrence or systemic disease^\[^[@B13]^\]^. The preoperative identification of patients with increased risk of local or distant recurrence allows their selection for presurgical treatment to reduce the size of the tumor, thus allowing a potentially unresectable tumor to become a tumor with free CRM and allowing patients with increased risk of systemic failure to receive combined intensive therapy to eliminate the presence of micrometastatic disease. The ability of HR MRI to detect the poor prognostic factors in rectal cancer is well documented^\[^[@B1]^,^[@B10]^,^[@B14]^\]^. Thus, HR MRI provides the information needed to stratify patients into 2 groups: good prognosis or poor prognosis. The standardized HR MRI report should include the following information for further discussion by the MDT: (1) the potential involvement of the CMR, (2) depth of tumor spread beyond the muscularis propria, (3) nodal status, (4) the presence of extramural vascular invasion, and (5) the commitment of the puborectalis sling muscle^\[^[@B13]^,^[@B15]^\]^. Patients with a good prognosis are selected for primary surgery, i.e. total mesorectal excision (TME), with a 5-year survival rate of 85--90%^\[^[@B13]^\]^. Tumors presenting the following features are considered to have a good prognosis: (1) potentially negative CRM (\>1 mm), (2) T1--T2 or T3 tumors with extramural extension \<5 mm, (3) absence of extramural vascular invasion, (4) N0/N1, (5) tumors located in the middle or upper third^\[^[@B13]^,^[@B15]^\]^. Patients with a poor prognosis include the following: patients with tumors with a low risk of local recurrence because of a free CRM, but increased risk of systemic failure. These tumors include (1) T3 tumors with extramural extension \>5 mm, (2) or N2, (3) or the presence of extramural vascular invasion. On the other hand, those patients with tumors with potential involvement of the CRM, with an increased and more significant risk of local recurrence^\[^[@B13]^\]^ are also included in this group. Patients with low rectal tumors, i.e. at the level of the puborectalis muscle, T2 or higher, are selected for preoperative treatment^\[^[@B15]^\]^.

The Mercury Study Group^\[^[@B16]^\]^ published a prospective and multicenter study showing that preoperative identification of tumors with a good prognosis by HR MRI allows appropriate stratification of patients, thus allowing the selection of those who will have a good outcome with primary surgery as the only treatment. This stratification also allows better selection of patients who should receive preoperative treatment. Thirty-three (33%) percent of patients (122/374) were considered to have a good prognosis, with stage I, II or III by HR MRI. Overall survival and disease-free survival in this group of patients were 68% and 85%, respectively; whereas the local recurrence rate was 3%. Thus, HR MRI identified a group of patients with stage II and III rectal cancer, with tumors with a good prognosis, and therefore preoperative treatment was avoided. Within the criteria of a good prognosis by HR MRI, this study took into account the following: (1) a potentially negative CRM (tumor \>1 mm of the mesorectal fascia), (2) the absence of extramural vascular invasion, (3) T1--T2 tumors or T3a--b tumors (extramural extension \<5 mm), (4) any N stage, (5) low rectal tumors, stages I and II by HR MRI, i.e. tumors that do not compromise the intersphincteric space or elevator muscles. The findings on HR MRI of the group with a poor prognosis included: (1) potentially positive CRM (\<1 mm), (2) a committed intersphincteric space, (3) T3c--d tumors (extramural extension \>5 mm) or T4 tumors, (4) presence of extramural vascular invasion, (5) any N stage. Primary surgery was the treatment of choice for the group with a good prognosis. Only 8 of the 122 patients with a good prognosis on HR MRI, stages I, II and III, (6.5%) showed involvement of 4 or more nodes (N2) in the histopathologic analysis. Postoperative treatment was given to patients with nodal involvement, based predominantly on administration of single-agent fluoropyridine chemotherapy. No patient received postoperative chemoradiotherapy. The centers participating in the study do not routinely indicate neoadjuvant treatment for patients with T3 tumors with good prognosis, regardless of nodal status. Therefore, the results validate this strategy, which, together with the proper selection of tumors with a good prognosis by HR MRI and good quality TME, prevented the delivery of neoadjuvant treatment in 30% of patients.

Regarding prognostic factors determined by HR MRI, Hunter et al.^\[^[@B17]^\]^ have investigated a group of patients at increased risk of synchronous metastatic disease who would benefit from a more thorough preoperative staging and alternative neoadjuvant chemotherapy regimens, including induction chemotherapy. High-risk patients may harbor micrometastatic disease at initial presentation that may not be identifiable even with a proper staging strategy. To the authors' knowledge, although previous studies have shown high rates of overall survival and disease-free survival without the administration of neoadjuvant chemoradiotherapy in low-risk patients identified by HR MRI, this is the only work comparing the incidence of synchronous metastases between high- and low-risk groups defined by HR MRI. The group of patients with increased risk of synchronous metastatic disease was determined by the presence of (1) extramural vascular invasion, (2) extramural extension \>5 mm or T4, (3) positive CRM, (4) commitment of the intersphincteric space in low rectal tumors. Metastases were identified by fludeoxyglucose (FDG)-positron emission tomography (PET)/computed tomography (CT) and contrast-enhanced multidetector computed tomography (ceMDCT). Two hundred thirty-six (236) patients were enrolled and the images from 230 patients were available (97.5%). The incidence of distant metastases, which was higher in the group of high-risk patients, was 20.7% (28/135). Low-risk patients had an incidence of synchronous metastatic disease of 4.2% (4/95).

Current recommendations for local staging of rectal cancer consider performing endorectal ultrasonography or MRI, combined with CT of the chest, abdomen and pelvis in search of distant metastases^\[^[@B18]^,^[@B19]^\]^. The preoperative identification of patients at increased risk of distant metastases enables a more aggressive initial staging strategy, facilitating the appropriate decision making regarding treatment options for this group of patients on early confirmation of metastatic disease. The therapeutic approach for these patients includes neoadjuvant chemotherapy, synchronous metastasectomy or resection of metastases before resection of the primary tumor^\[^[@B20]^\]^. In the search for metastatic disease in high-risk patients, recent studies have suggested that FDG-PET/CT may be more accurate than ceMDCT or PET alone^\[^[@B25]^\]^. Heriot et al.^\[^[@B26]^\]^ demonstrated that FDG-PET/CT modified the management in 17% of cases with locally advanced primary rectal cancer; MRI with specific contrast agents has proved to be more accurate than ceMDCT and FDG-PET/CT^\[^[@B27]^\]^ in hepatic lesions \<1 cm. ceMDCT is the most accurate method for detection of small lung lesions^\[^[@B28]^\]^. Hunter et al.^\[^[@B17]^\]^ proposed incorporating FDG-PET/CT, with or without liver MRI, in the initial evaluation of patients at high risk of metastatic disease, highlighting the need for future studies to determine the optimal preoperative staging strategy for patients with low- and high-risk rectal cancer.

Importance of multidisciplinary activity: more than a personal choice
=====================================================================

The goal of teamwork is to treat each patient taking into account their individual characteristics and the specific characteristics of the tumor, i.e. to carry out so-called personalized medicine. The contribution of radiologists through the images is one of the keys to successful therapeutic decisions. Reports are changing from merely descriptive to accurate in staging and anatomic detail. In other words, the description of the images is based on determining the probable risk of local and distant recurrence, thus leading to selection of appropriate therapy for each patient according to the characteristics of the tumor. In addition, the type of tumor and genetic susceptibility are of the utmost importance when choosing a personalized treatment.

In 1995, a group of experts in the management of oncologic patients was created in the United Kingdom aiming to improve the operation and results of the oncology services of the National Health Service (NHS)^\[^[@B29]^\]^. This group was called an Expert Advisory Group. Decisions before the creation of this group were usually taken unilaterally; a multidisciplinary approach was only put into practice in large centers devoted to oncologic patients^\[^[@B30]^\]^. Since then, the concept and formation of teams dedicated to oncologic patients have evolved, currently providing a way of care with adequately documented benefits. Kesson et al.^\[^[@B31]^\]^ have shown the impact of a multidisciplinary approach on breast cancer, comparing outcomes in patients treated simultaneously in 2 different regions of Scotland. Group decisions were made in one region but not in the other. The authors concluded that the introduction of a multidisciplinary approach in the care of oncologic patients improved survival and decreased the variation in survival rates between hospitals. Mortality was 18% lower in the region where the approach was multidisciplinary, demonstrating the impact of the multidisciplinary approach on the survival of patients for the first time.

Regarding rectal cancer, Burton et al.^\[^[@B32]^\]^ audited CRM involvement in patients whose cases were discussed by an MDT, based on HR MRI findings, for the implementation of a preoperative treatment strategy and in those patients not addressed by a multidisciplinary team. The histopathologic determination of the CRM can be used to measure the success of rectal cancer treatment as well as the success of the MDT in proper decision making. The authors found positive CRMs in 26% of patients not discussed by an MDT and in 2% of patients with a multidisciplinary approach, concluding that the discussion of HR MRI findings by an MDT and the implementation of an appropriate preoperative treatment strategy allow a significant reduction of positive CRM in patients with rectal cancer. Reducing the number of patients with a positive CRM should be the goal of all MDTs specializing in rectal cancer; each specialist involved must contribute with their knowledge, experience and commitment to achieving this goal. Therefore, regarding optimal HR MRI, proper technique and standardized reporting, preoperative discussion of the different staging findings by an MDT, quality surgery, the availability of effective preoperative therapies and standardized histopathologic reports, seem to be the mainstay for reducing the rate of positive CRMs in patients with rectal cancer.

The multidisciplinary approach to rectal cancer allows patients to benefit from the contribution of different specialties, leading to an improvement in the results. Radiologists today face a major challenge. The role of HR MRI in treatment decisions has put radiologists in a place of maximum importance and responsibility when dealing with patients with rectal cancer. At present, best practice makes it essential to participate in an MDT, because sharing information enhances the work of the members of the various specialties, namely clinical oncologists, surgeons, radiation oncologists, pathologists and radiologists, among others. We can state that in the specific case of radiologists, the incorporation of this framework and patient care often allows useful and necessary information to be available before the beginning of the study. This availability of information results in correct indication of the method to be used and in an appropriate orientation of the examinations in order to find specific features of the disease. Proper training, based on knowledge of the patients and the disease, facilitates the orientation of the examinations to find the imaging manifestations of rectal cancer at the different stages: (1) diagnosis, staging and tumor characterization for appropriate therapeutic selection, (2) evaluation of tumor response to preoperative treatment and (3) subsequent monitoring. In addition, monitoring patients with this integrated approach allows the impact of participation at the different phases of the process to be evaluated.

Impact of prognostic factors on the choice of a preoperative treatment strategy by the MDT
==========================================================================================

As mentioned earlier, HR MRI allows patients to be stratified into different prognostic groups according to the risk of local and distant recurrence. The preoperative identification of the risk allows an adequate therapeutic strategy to be adopted and thereby improve the results.

TME implementation and neoadjuvant hypofractionated radiotherapy or chemoradiotherapy treatment have reduced local recurrence rates from 25--40% to less than 10%^\[^[@B33]^\]^. Despite multimodal management, survival has not improved, with only one clinical trial (Swedish Rectal Cancer Trial) showing benefits in terms of survival after hypofractionated radiotherapy, in the run up to TME^\[^[@B37]^,^[@B38]^\]^.

To avoid the devastating impact of local recurrence of rectal cancer after surgery, neoadjuvant radiation therapy became the standard of care for those patients at increased risk in the initial assessment. The neoadjuvant treatment strategy provides certain advantages, such as preoperative downstaging of the primary tumor thus increasing the likelihood of R0 resection and/or surgery with preservation of sphincter function, enhancement of radiosensitivity by directing the radiation treatment to better oxygenated tissue, relief of early symptoms and reduction of the rates of acute and chronic toxicity compared with postoperative chemoradiotherapy^\[^[@B39]^\]^. Sauer et al.^\[^[@B40]^\]^ have shown a reduction in the rate of local recurrence in patients receiving preoperative chemoradiotherapy compared with those who received postoperative chemoradiotherapy (5-year local recurrence of 6% versus 13%, respectively) and decreased acute toxicity, grade 3 and 4, in 27% of patients who received preoperative treatment versus 40% in the postoperative group. When comparing hypofractionated radiotherapy versus long-course chemoradiation, the superiority of one system over the other was not demonstrated^\[^[@B41]^,^[@B42]^\]^. However, long-course chemoradiation in high-risk patients is widely accepted as the treatment of choice^\[^[@B39]^\]^.

In patients receiving neoadjuvant chemoradiation therapy alone, the distant recurrence rate is approximately 36%^\[^[@B40]^\]^, contributing to the lack of survival benefit of this regimen, making it necessary to intensify the systemic component. In several studies, the adjuvant chemotherapy regimen has been shown to represent a benefit regarding survival^\[^[@B43]^\]^. In a pooled analysis, this regimen has significantly improved survival as part of a chemoradiation regimen or as maintenance combined with chemoradiotherapy when compared with treatment with surgery alone or surgery plus adjuvant radiotherapy^\[^[@B47]^\]^. Recent studies have shown promising initial results with induction neoadjuvant chemotherapy; the patients with increased risk of distant metastases benefit most from this scheme^\[^[@B17]^,^[@B48]^,^[@B49]^\]^.

Glynne-Jones et al.^\[^[@B50]^\]^ published a comparison of different strategies for the therapeutic management of patients with locally advanced rectal cancer. In this work, current trials suggest that for resectable tumors in which HR MRI suggests that the CRM is potentially free of disease, hypofractionated radiotherapy and chemoradiotherapy are equivalent in terms of outcomes such as local recurrence, disease-free survival and overall survival. In contrast, in patients with more advanced disease, with the CRM potentially threatened or infiltrated according to HR MRI, integration of more active chemotherapy and biological agents into chemoradiotherapy is an interesting strategy due to the high risk of metastases. However, in the last decade, there have been no published trials in which chemoradiotherapy has affected disease-free survival and overall survival.

As Hawkes et al.^\[^[@B39]^\]^ concluded, 3 concepts are clear: (1) all locally advanced rectal tumors do not behave in the same manner, (2) multimodal treatment, especially neoadjuvant therapy, improves outcomes and (3) reduction of local recurrence does not confer any obvious survival benefit.

Tumor staging and depth of tumor spread beyond the muscularis propria
=====================================================================

The relationship between survival and extramural tumor extension has been well established and is independent of other prognostic factors, including the CRM^\[^[@B51]^,^[@B52]^\]^. Thus, extramural extension has been validated as an important prognostic indicator^\[^[@B53]^\]^. Patients with tumors with an extramural extension of 5 mm or less, regardless of the nodal status, have a 5-year cancer-specific survival rate of 85%, whereas in tumors with extramural extension greater than 5 mm, the survival rate is 54%^\[^[@B53]^\]^.

The Mercury group^\[^[@B14]^\]^ demonstrated the accuracy of HR MRI in determining the depth of extramural tumor spread in patients with rectal cancer, considering histopathology as the standard of reference. The measurement of extramural extension, i.e. the distance between the outer edge of the longitudinal layer of the muscularis propria and the lateral border of the tumor by HR MRI is equivalent to the corresponding measurement in histopathologic analysis. The latest TNM classification takes into account the available evidence for the subclassification of T3 tumors into: T3a \<1 mm, T3b 1--5 mm, T3c \>5--15 mm and T3d \>15 mm^\[^[@B14]^,^[@B57]^\]^. Pedersen et al.^\[^[@B58]^\]^ evaluated the reproducibility of the measurement of the minimum distance of the tumor to the CRM for the prediction of extramural extension. Tumors were classified as early (≤5 mm of extramural extension) or advanced (\>5 mm of extramural extension), and the status of the CRM was evaluated at the levels of 1 mm and 5 mm. The authors concluded that the measurement of extramural extension is more reproducible between different observers compared with the measurement of 5 mm to the CRM, as has been previously suggested by Beets-Tan et al.^\[^[@B59]^\]^.

In clinical practice, about 80% of rectal tumors are represented by T3 tumors, within which there is a heterogeneous range of survival, requiring preoperative identification of the poor prognosis group^\[^[@B57]^\]^. The diagnosis of extramural tumor spread by HR MRI is based on the presence of tumor extending to the mesorectal fat, with a wide base protruding or with a nodular configuration, in continuity with the intramural portion of the tumor ([Fig. 1](#F1){ref-type="fig"}). It is important to determine the continuity with the intramural component because discontinuity in the outer edge of the longitudinal layer of the muscularis propria can exist due to the presence of small penetrating vessels, but not necessarily meaning tumor invasion^\[^[@B57]^\]^. Figure 1Depth of tumor spread beyond the muscularis propria (arrow) in a 52-year-old man with rectal cancer. Axial T2-weighted HR MRI shows extramural spread of 21 mm.

For the correct choice of treatment, differentiation between T2 and T3 tumors is not what dominates decision making, but rather the identification of high-risk patients with T3 tumors with extramural extension greater than 5 mm. The greater the extramural extension into mesorectal fat is, the greater the nodal involvement is^\[^[@B60]^\]^. The same applies to extramural vascular invasion and, therefore, to the risk of distant metastases^\[^[@B58]^\]^. Clearly, in patients with disease-free CRM, with local recurrence rates of 5--10% and 5-year survival rates of 50--60%, distant metastases have become the leading cause of death^\[^[@B61]^\]^. Thus, the extramural extension of the tumor on HR MRI is a key factor in determining prognosis, therefore allowing proper selection of patients for preoperative treatment.

Peritoneal involvement
======================

Upper rectal tumors can perforate the peritoneum. In HR MRI, the typical appearance is nodular extension through the peritoneal reflection at or above the level of the anterior fixation in the rectum, which is better demonstrated in the axial plane^\[^[@B13]^\]^ ([Fig. 2](#F2){ref-type="fig"}). In a prospective study of 412 patients with colon cancer, Shepherd et al.^\[^[@B62]^\]^ showed that local peritoneal infiltration is an independent risk factor for intraperitoneal recurrence after surgery. Similarly, in patients with rectal cancer, peritoneal infiltration is a prognostic factor for local recurrence^\[^[@B63]^\]^. Figure 2Peritoneal involvement. (A) Sagittal T2-weighted HR MRI shows peritoneal involvement in a 65-year-old man with rectal cancer (arrow). (B) Axial T2-weighted image at the level of the peritoneal reflection best shows the involvement.

CRM
===

The status of the CRM is an important independent prognostic factor in the evaluation of rectal cancer. A free or negative margin reduces the risk of local recurrence and improves survival^\[^[@B60]^,^[@B64]^,^[@B65]^\]^. The significance of the CRM was shown by Quirke et al.^\[^[@B60]^\]^ in 1986. The Mercury group showed that both the status of the mesorectal fascia, i.e. the potential CRM, and the extramural tumor extension can be predicted with great accuracy by HR MRI, with histopathologic analysis as the standard of reference^\[^[@B4]^,^[@B14]^\]^. A distance ≥1 mm to the mesorectal fascia determines a free margin, whereas a distance \<1 mm is considered a positive margin. HR MRI showed a specificity of 92% in determining negative CRM.

In a national review of 686 patients in Norway, Wibe et al.^\[^[@B65]^\]^ demonstrated that, despite TME, 9% of the patients had a positive CRM, with 22% of local recurrence in this group compared with 5% in patients with negative CRM. The infiltration of the CRM is itself a poor prognostic factor for survival, with 40% of patients developing distant metastases, compared with 12% in patients with free CRM^\[^[@B65]^\]^. As the distance to the CRM decreases, there is an exponential increase in the rates of local recurrence, metastasis and death^\[^[@B65]^\]^.

As previously mentioned, a potentially positive CRM by HR MRI is defined as the presence of tumor at at least 1 mm from the mesorectal fascia^\[^[@B4]^\]^ ([Fig. 3](#F3){ref-type="fig"}). In the preoperative evaluation by HR MRI, the distance to the mesorectal fascia of the primary tumor, the presence of lymph nodes with suspicious criteria, extramural vascular invasion and tumor deposits are considered^\[^[@B57]^,^[@B68]^\]^. Shihan et al.^\[^[@B69]^\]^ have shown that the involvement of the CRM exclusively by a metastatic lymph node is rare. Their study included 396 patients with rectal cancer. They analyzed mesorectal lymph nodes by HR MRI and the status of CRM in the histopathologic analysis together with the causes of commitment of the margin. Twelve percent (12%) of the patients (50/396) had positive CRM on histopathology, of which 10% (5/50) were due to a metastatic lymph node, i.e. 1.3% of all patients (5/396) and 3.1% of patients with metastatic lymph nodes on histopathology (5/163). Of the 5 malignant lymph nodes that compromised the CRM on the histopathologic analyses, 4 were not detected by HR MRI. In 31 patients, HR MRI reported suspicious lymph nodes located 1 mm or less from the CRM. None of these patients presented a CRM infiltrated by a positive lymph node in the histopathologic analysis. Thus, the authors conclude that it is necessary to be careful when recommending neoadjuvant treatment based solely on the presence of a suspicious lymph node close to the mesorectal fascia by HR MRI, because, regardless of the nodal status determined by HR MRI, it is uncommon that mesorectal lymph nodes are the only factor responsible for a positive CRM in the histopathologic analysis. Other prognostic factors determined by HR MRI, such as the infiltration of the CRM by direct extension of the primary tumor, extramural tumor extension and the presence of extramural vascular invasion, clinical evaluation and discussion by the MDT should determine the appropriate treatment for each patient. Figure 3CRM status. (A) Axial T2-weighted HR MRI shows negative CRM (\>1 mm) in a 67-year-old man with rectal cancer (arrow). (B) Axial T2-weighted HR MRI shows infiltration of the left lateral portion of the CRM, with the tumor clearly extending beyond the mesorectal fascia (arrow) in a 56-year-old man with rectal cancer.

A recent meta-analysis published by Al-Sukhni et al.^\[^[@B5]^\]^ showed that HR MRI has high specificity for determining the involvement of the CRM; its sensitivity for evaluating this prognostic factor is similar to that of tumor evaluation (T). Both parameters, assessment of the CRM and the T staging, are complementary in the indication of preoperative treatment and both should be considered. The result of this meta-analysis supports the use of HR MRI in the preoperative staging of rectal cancer.

The identification and aggressive preoperative treatment for tumors with a potentially positive CRM by HR MRI are crucial to prevent local recurrence^\[^[@B2]^\]^. Despite variation in the use of preoperative treatment, there is a broad consensus that patients with potentially infiltrated CRM by HR MRI should receive chemoradiotherapy, because discussion of the HR MRI by the MDT and implementation of this treatment regimen have reduced the rates of positive CRMs^\[^[@B32]^,^[@B68]^\]^.

Extramural vascular invasion
============================

Extramural vascular invasion is the presence of tumor cells within blood vessels located outside the muscular layer, in the vicinity of a primary tumor of the colon or rectum. Extramural vascular invasion is present in 17--52% of patients with colorectal cancer^\[^[@B10]^,^[@B11]^,^[@B70]^\]^ and it is associated with more locally advanced tumors^\[^[@B70]^,^[@B71]^,^[@B73]^\]^ ([Fig. 4](#F4){ref-type="fig"}). The histologic finding of extramural vascular invasion is recognized as an independent prognostic factor for local recurrence^\[^[@B74]^,^[@B75]^\]^, distant recurrence^\[^[@B73]^\]^ and poor overall survival^\[^[@B78]^\]^. There is an association between the presence of extramural vascular invasion and the development of liver metastases^\[^[@B70]^,^[@B72]^,^[@B74]^,^[@B76]^\]^. Figure 4A 55-year-old woman with rectal cancer. (A) Axial T2-weighted HR MRI shows positive extramural vascular invasion (arrow) and a lymph node with irregular borders (arrowhead). (B) Axial T2-weighted HR MRI, at a lower level, shows extramural tumor extension \>5 mm and involvement of the CRM.

Smith et al.^\[^[@B11]^\]^ analyzed the prognostic significance of extramural vascular invasion detected by HR MRI ([Fig. 5](#F5){ref-type="fig"}). The sensitivity and specificity of HR MRI in detecting extramural vascular invasion in 94 patients after primary surgery were 62% and 88%, respectively. In a univariate analysis, relapse-free survival at 3 years was 35% in patients with positive findings of extramural vascular invasion (grade 3 and 4) on HR MRI and 74% in patients with negative findings (grade 0--2). The values reported were similar to those found in patients with positive and negative extramural vascular invasion on histologic analysis (34% and 73.7%, respectively). Therefore, the authors conclude that the detection of extramural vascular invasion by HR MRI provides information for predicting recurrence of the disease. Figure 5Sagittal T2-weighted HR MRI shows extramural vascular invasion involving the superior rectal vein (arrow) in a 30-year-old man with rectal cancer.

The classification of extramural vascular invasion by HR MRI is important for decision making by the MDT. Hunter et al.^\[^[@B17]^\]^ included patients with positive findings of extramural vascular invasion on HR MRI within the high risk group of synchronous metastatic disease, along with patients with extramural extension \>5 mm or T4, a potentially positive CRM and commitment of the intersphincteric space in low rectal tumors. According to the authors, these patients would benefit from more thorough preoperative staging and alternative neoadjuvant chemotherapy regimens, including induction chemotherapy.

HR MRI probably provides additional information for staging, showing evidence of vascular invasion that cannot be recognized by histopathology due to destruction of the vessel walls, in these cases showing only an extramural tumor deposit without endothelial cells^\[^[@B10]^,^[@B11]^\]^.

Thus, whereas nodal status has become less predictive of local recurrence in patients who have undergone careful excision of the rectum and mesorectum, extramural vascular invasion remains an important independent prognostic factor^\[^[@B57]^,^[@B82]^,^[@B83]^\]^. HR MRI is the only diagnostic modality that can demonstrate extramural vascular invasion in rectal cancer^\[^[@B1]^,^[@B57]^\]^. Therefore, the assessment of extramural vascular invasion by HR MRI is an important prognostic factor that can be identified and that contributes to the prediction of the results and to the selection of the appropriate preoperative treatment^\[^[@B11]^,^[@B57]^\]^.

Nodal status
============

Nodal involvement is an independent poor prognostic factor; it is more significant when 4 or more nodes are involved in the histopathologic evaluation of the specimen after TME^\[^[@B84]^\]^. In the era before TME, nodal involvement, regardless of the number of nodes involved, predicted local recurrence. At present, the evidence suggests that when less than 4 metastatic nodes (N1) are involved after TME, there is no increased risk of local recurrence^\[^[@B84]^\]^.

The risk of nodal involvement increases with the depth of tumor extension through and beyond the muscular layer. The close relationship between the 2 factors was noted in the original work of Dukes^\[^[@B85]^\]^. Yet nodal involvement can also be found in T1 tumors. The depth of involvement of the submucosa is important, because those tumors with deep submucosa involvement (SM3) have a higher rate of lymph node metastasis than a more superficial involvement (SM1 and SM2)^\[^[@B86]^\]^. The incidence of lymph node metastasis is 6--14% in T1 tumors, 17--23% in T2 tumors and 49--66% in T3 tumors^\[^[@B86]^\]^.

Traditionally, the criterion used for lymph node evaluation on MRI was the size. However, several publications showed a lack of precision when using this feature^\[^[@B93]^,^[@B94]^\]^. Lymph node involvement may occur with only microscopic tumor foci, thus of normal size^\[^[@B13]^\]^. Brown et al.^\[^[@B93]^\]^ evaluated the signal intensity and the edges of the lymph nodes on HR MRI and compared them with size in order to determine nodal status. The authors found that the size of benign and malignant lymph nodes was similar. Therefore, it can be concluded that size was a poor predictor for determining nodal status. In addition, 58% of positive lymph nodes found had a diameter \<5 mm. When the irregular edges and mixed signal intensity of the lymph nodes were considered, a more accurate diagnosis was obtained with a sensitivity of 85% and a specificity of 97% ([Fig. 6](#F6){ref-type="fig"}). Figure 6(A) Axial T2-weighted HR MRI shows lymph nodes with irregular borders (arrow) and mixed signal intensity (arrowhead) in a 52-year-old man with rectal cancer. (B) Axial T2-weighted HR MRI shows a lymph node with mixed signal intensity (arrow) in a 64-year-old woman with rectal cancer.

Lymph nodes should only be evaluated with HR MRI techniques (in-plane minimum resolution of 0.6 mm × 0.6 mm, with 3-mm slice thickness)^\[^[@B57]^\]^. Promising data emerging from publications in which nodal status was evaluated with contrast agents would allow increasing MRI accuracy^\[^[@B95]^\]^. The prognostic significance of lymph nodes in patients with rectal cancer who have undergone TME is uncertain and most patients with 3 or fewer nodes involved have a good prognosis^\[^[@B57]^\]^. However, patients with involvement of 4 or more nodes have a worse prognosis and often, along with other poor prognostic factors, these patients present with extramural vascular invasion and increased extramural tumor extension, more easily detected on HR MRI^\[^[@B57]^\]^.

Another goal of the preoperative evaluation of lymph nodes on HR MRI is the identification of those lymph nodes outside the mesorectal fascia, because those nodes that are not resected by extended lymphadenectomy^\[^[@B99]^,^[@B100]^\]^ may be responsible for local recurrence despite the apparent free surgical resection margin^\[^[@B101]^\]^ ([Fig. 7](#F7){ref-type="fig"}). Figure 7Axial T2-weighted HR MRI shows an extramesorectal lymph node (arrow) in a 67-year-old man with rectal cancer.

Around 15--42% of small lymph nodes (\<5 mm) located in the mesorectum may contain metastases^\[^[@B93]^,^[@B102]^,^[@B103]^\]^. In the work of Brown et al.^\[^[@B93]^\]^, 23% of lymph nodes detected in the surgical specimens were not identified by HR MRI, but they all measured \<3 mm and only 2/102 were metastatic. Furthermore, HR MRI correctly identifies many of the nodes between 2 and 5 mm and can correctly predict the presence of metastases in some, based on their irregular edges^\[^[@B13]^\]^. Because the ability of HR MRI to characterize small nodes is suboptimal, nodal evaluation on HR MRI using the signal intensity and the edges as diagnostic criteria would result in understaging of very few patients^\[^[@B13]^\]^. However, the inability to detect microscopic metastases in lymph nodes suggests that a negative HR MRI should not be used to select patients for local resection^\[^[@B13]^\]^.

As previously mentioned, Shihan et al.^\[^[@B69]^\]^ have shown that the involvement of the CRM exclusively by a metastatic lymph node is rare. Birbeck et al.^\[^[@B104]^\]^ observed that the involvement of the CRM by the presence of a tumor within a lymph node is associated with a local recurrence rate significantly lower than expected when compared with the involvement by direct extension of the primary tumor, neural invasion or lymphovascular invasion. Some argue that if TME is correctly done, a malignant lymph node localized \<1 mm from the CRM on histopathology (pCRM) rarely results in local recurrence^\[^[@B69]^\]^. This may reflect the protective effect exerted by the intact capsule of the node and an intact mesorectal fascia after optimal TME^\[^[@B69]^,^[@B105]^\]^. The presence of capsular invasion is most often associated with local recurrence, compared with microscopic deposits^\[^[@B106]^\]^.

HR MRI cannot distinguish between a lymph node replaced by tumor and an extramural tumor deposit^\[^[@B13]^\]^ ([Fig. 8](#F8){ref-type="fig"}). However, knowing that patients with discontinuous tumor deposits have a worse prognosis, this is another advantage of HR MRI to detect such deposits in the preoperative assessment^\[^[@B107]^,^[@B108]^\]^. Figure 8A 64-year-old woman with rectal cancer. (A) Axial T2-weighted HR MRI shows a tumor deposit or replaced lymph node by tumor associated with extramural vascular invasion (arrow). (B) MRI is the only imaging modality that can demonstrate extramural vascular invasion^\[^[@B1]^,^[@B57]^\]^ as discrete serpiginous projections of intermediate signal intensity into perirectal fat, following the course of a visible perirectal vein^\[^[@B57]^\]^ (arrowhead).

The biggest challenge of imaging techniques lies in the ability to identify the nodal status before surgery, knowing that the nodes involved may only contain microscopic tumor foci that do not alter the size^\[^[@B13]^\]^. The inability to predict the nodal status in patients with rectal cancer is seen as a major limitation of preoperative staging techniques^\[^[@B13]^\]^. In a recent review and meta-analysis evaluating the accuracy of HR MRI to determine tumor stage, the presence of lymph node metastasis and the involvement of CRM, the authors concluded that HR MRI has good accuracy in the evaluation of T stage and CRM status. However, evaluation of nodal involvement is poor^\[^[@B5]^\]^.

Low rectal tumors
=================

Low rectal tumors, especially those treated with abdominoperineal excision (APE), are associated with poor outcomes in the short term (CRM involvement and perforation of the specimen) and the rates of local recurrence and 5-year survival^\[^[@B109]^\]^. Preoperative identification of a positive CRM is the key to the indication of preoperative treatment, as it is one of the most important factors for the development of local recurrence^\[^[@B115]^\]^. The Mercury group^\[^[@B4]^\]^ showed that HR MRI may predict the status of the CRM with a high degree of accuracy.

Anatomically, the beginning of the puborectalis sling marks the beginning of the thinner portion of the mesorectum, becoming a fine segment of perirectal fat at this level. Below the puborectalis sling lies the anal canal, formed by the mucosa, submucosa, internal sphincter, intersphincteric space of 1--2 mm and the external sphincter. At this level there is no mesorectum; therefore, there is no protective barrier effect to contain the tumor, such as in higher rectal tumors. Thus, any extension through the muscularis would result in exposure of the tumor to the CRM, whether an ultra low TME or a conventional APE is performed ([Fig. 9](#F9){ref-type="fig"}). This is because, in conventional surgery, the muscularis propria rather than the mesorectal fascia determines the surgical margin^\[^[@B57]^\]^. Therefore, the surgical plane may be considered free if a considerable thickness of the muscularis propria is preserved in the deep position of the invasive edge of the tumor. If the muscle itself has full thickness compromised or has a minimal extension to the intersphincteric space, more radical surgery such as extralevator or extrasphincteric APE is needed, thus removing the entire sphincter complex, levator muscle and mesorectum en bloc^\[^[@B57]^\]^. Figure 9Coronal T2-weighted HR MRI shows a low rectal tumor in a 75-year-old man with involvement of the left levator muscle (arrow), intersphincteric space and external sphincter (arrowhead).

Several publications have focused on demonstrating the usefulness of HR MRI in patients with low rectal tumors, providing important information for the proper selection of preoperative treatment and surgical planes^\[^[@B1]^,^[@B112]^,^[@B114]^,^[@B116]^,^[@B117]^\]^. A staging system by HR MRI has been devised for the evaluation of low rectal tumors in order to identify patients at increased risk of positive CRM in traditional APE^\[^[@B68]^\]^. The classification consists of 4 stages: (1) the tumor is circumscribed to the rectal wall, without full thickness involvement, with the muscular outer layer preserved; (2) the tumor replaces the muscle layer without extension to the intersphincteric space; (3) the tumor invades the intersphincteric plane or is located within \<1 mm of the levator muscle; (4) the tumor invades the external sphincter and is located at \<1 mm and beyond the levator muscle with or without invasion of adjacent organs. As described above, the staging system for low rectal tumors by HR MRI takes into account the relevant anatomic detail of this location, providing more accurate information and enabling the surgeon to correctly select the surgical technique. Rates of CRM involvement after APE of 30% have been reported compared with 10% in patients with low anterior resection^\[^[@B68]^,^[@B109]^,^[@B118]^\]^.

Salerno et al.^\[^[@B117]^\]^ evaluated the usefulness of HR MRI in predicting margin involvement in low rectal tumors, concluding that tumors identified on or through the intersphincteric plane on HR MRI, as well as the degree of tumor regression determined by the method, may predict margin involvement. Therefore, stage 3 and 4 low rectal tumors on HR MRI and the tumor regression grade with absent or minimal response predict a positive margin for APE. The advantages of predicting a positive CRM for APE on HR MRI include the following: (1) the ability to properly plan neoadjuvant therapy and surgical technique; (2) according to the classification of low rectal tumors by HR MRI, stage 1 and 2 tumors would benefit from intersphincteric APE, whereas stages 3 and 4 would benefit from a broader plane outside the levator muscles (extralevator APE); (3) using HR MRI staging for low rectal tumors would reduce the rate of R1 in \<10% of patients undergoing APE; (4) it allows evaluation of alternative surgical techniques, such as radical APE, and therapeutic strategies, such as intensive chemoradiotherapy, in order to prevent R1 disease in high-risk low rectal tumors identified by HR MRI, as candidates for APE.

Evaluation of response to neoadjuvant treatment
===============================================

Staging after neoadjuvant treatment is a challenge for all diagnostic methods because of radiation-induced changes: edema, fibrosis, inflammation and necrosis^\[^[@B2]^\]^. Emerging data suggest the combination of HR MRI with diffusion images and PET/CT to provide information regarding prognosis before definitive surgery^\[^[@B2]^\]^.

HR MRI has recently been validated as a method for staging after neoadjuvant treatment, as well as its correlation with survival^\[^[@B9]^\]^. The data were provided by the Mercury group through the Magnetic Resonance Imaging and Rectal Cancer European Equivalence. One hundred eleven patients with rectal cancer treated with neoadjuvant therapy were enrolled in a prospective study. Their response was evaluated by HR MRI and pathology. This was the first prospective study to demonstrate correlation between radiologic assessment of treatment and long-term results^\[^[@B6]^\]^. The determination of CRM after treatment by HR MRI (ymrCRM) and the degree of tumor regression predict survival in groups of good response and poor response^\[^[@B6]^\]^. The postoperative histopathologic evaluation of the tumor (ypT) and the CRM (ypCRM) were significant predictors of outcome; yet the assessment of nodal status after treatment (ypN) was not. The association between tumor regression grade determined by HR MRI and the long-term outcomes was subsequently confirmed^\[^[@B7]^\]^. Thus, a poor response to neoadjuvant treatment may be used to plan therapies before surgery in order to improve the outcome.

The parameters recommended for the assessment of neoadjuvant treatment by HR MRI are the determination of T stage (ymrT) and the degree of tumor regression, because both may predict the favorable and unfavorable findings of the histopathology^\[^[@B8]^\]^. Tumor response to treatment was assessed by HR MRI using 5 degrees: (1) complete radiologic response (no evidence of tumor treated); (2) good response (hypointense dense fibrosis, minimal residual tumor); (3) moderate response (about 50% fibrosis/mucin and intermediate signal representing residual tumor); (4) minor response (minimal fibrosis/mucinous degeneration, mainly tumor); (5) no response (the tumor has the same appearance as in the pretreatment)^\[^[@B6]^,^[@B8]^,^[@B68]^\]^. Thus, favorable response by HR MRI corresponds to tumor regression grade 1--3 and tumor stage ymrT0--T3a, whereas favorable response by histopathology corresponds to tumor regression grade 3--4 and tumor stage ypT0--T3a^\[^[@B8]^\]^. Moreover, the unfavorable response by HR MRI corresponds to tumor regression grade 4--5 and tumor stage ymrT3b--T4 ([Fig. 10](#F10){ref-type="fig"}), which are represented by histopathology with tumor regression grade 0--2 and tumor stage ypT3b--T4^\[^[@B8]^\]^. Figure 10A 70-year-old woman with rectal cancer. (A) Axial T2-weighted HR MRI pretreatment image shows a tumor with a high signal, compatible with mucin (arrow), with intermediate signal intensity components (arrowhead). (B) Axial T2-weighted HR MRI posttreatment image shows the same appearance of the tumor indicating non-response^\[^[@B9]^\]^. An incipient infiltration of the anterior cortex of the sacrum is shown (arrow), not present at pretreatment MRI.

In the Mercury Study Group^\[^[@B9]^\]^, the group of patients with a good response to treatment (tumor regression grade 1--3) had rates of overall survival, disease-free survival at 5 years and local recurrence of 72%, 64% and 14%, respectively. In patients with a poor response (tumor regression grade 4--5), the corresponding rates were 27%, 31% and 29%, respectively.

Posttreatment assessment has focused on the identification of a complete pathologic response in clinical trials^\[^[@B8]^\]^. Focusing only on the complete pathologic response may underestimate the benefit of treatment, because it is clear that patients with a good response but who fail to reach a complete response have equally good results^\[^[@B6]^,^[@B8]^\]^. Patel et al.^\[^[@B8]^\]^ have focused their research on differentiating good responders from those with poor response, rather than on identifying the complete responders. Preoperative treatment benefits include local control and tumor downstaging^\[^[@B8]^,^[@B118]^\]^. Reassessment of the tumor after treatment is essential to optimize therapy in patients with rectal cancer. Thus, in clinical practice, the subgroup of patients with a poor response by HR MRI seem to be at higher risk of local and systemic failure after standard TME^\[^[@B8]^\]^. Surgeons should be alerted to this fact before surgery in order to plan the correct approach. In future studies, the group of patients with poor response may be considered for additional treatment, such as extended or intensified systemic chemotherapy, radiotherapy boost, extent of surgical resection or more intensive postoperative monitoring^\[^[@B8]^\]^.

HR MRI cannot differentiate between complete pathologic response and residual microscopic disease in a single scan. Serial studies with clinical evaluation and CEA help confirm the complete response^\[^[@B2]^\]^. Kim et al.^\[^[@B121]^\]^ demonstrated that HR MRI, along with the diffusion technique, allows greater precision with regard to diagnostic assessment compared with HR MRI alone in the determination of complete response to neoadjuvant therapy in patients with locally advanced rectal cancer.

Thus, the evaluation of response to neoadjuvant treatment determined by HR MRI provides important information to the MDT: (1) surgical planning, (2) the time of surgery, (3) sphincter preservation, (4) surgery deferral in responders, (5) treatment intensification in non-responders^\[^[@B9]^\]^.

Evaluation of tumor response to treatment is not only based on reduction in tumor size. The reduction or absence of prognostic risk factors identified in the pretreatment HR MRI, i.e. extramural tumor extension, CRM, extramural vascular invasion, peritoneal perforation and nodal involvement, must be analyzed^\[^[@B2]^\]^.

Therefore, the HR MRI report should be detailed and should consider the following: (1) tumor morphology, necrotic or mucinous component, (2) distance from the anal verge, (3) tumor size, (4) degree of tumor regression, (5) maximum extramural depth of tumor and fibrosis; (6) T stage, N stage, extramural vascular invasion, peritoneal reflection commitment; (7) distance to CRM^\[^[@B9]^\]^.

HR MRI predicts response to neoadjuvant treatment by determining the degree of tumor regression and tumor stage. Its recent validation is an important aspect in MDT decision making.

HR MRI protocols and standardized report
========================================

For adequate rectal cancer staging by HR MRI, using the appropriate parameters is of paramount importance in order to obtain an optimum study. The technical characteristics together with the interpretation of the images have been widely reported^\[^[@B1]^,^[@B9]^,^[@B13]^,^[@B14]^,^[@B57]^,^[@B68]^,^[@B122]^\]^. Brown et al.^\[^[@B125]^\]^ have described the relevant anatomic details on HR MRI for TME. In 1999, Blomvquist et al.^\[^[@B126]^\]^ evaluated the HR MRI findings on the involvement of the lateral resection margin in 26 surgical specimens.

Suzuki et al.^\[^[@B127]^\]^ demonstrated the importance of appropriate protocols for staging patients with rectal cancer; their study was the first to determine the importance of HR MRI imaging protocols for the evaluation of neighboring organs in locally advanced rectal cancer. The authors retrospectively evaluated the MRIs of 37 patients. They divided the MRIs into 2 groups according to the protocol used, i.e. optimal or suboptimal, with histopathology as the gold standard. Evaluation of images from other institutions was conducted by an MDT from a referral center for patients with advanced rectal cancer; a variation in the protocols used was identified. MRI performed with an optimal protocol showed a better correlation with histopathology in relation to the involvement of an anterior organ, with a sensitivity of 86% and a specificity of 94% versus 50% and 33%, respectively, in patients studied with a suboptimal protocol. The authors concluded that suitable MRI protocols allow more accurate staging of patients with locally advanced rectal cancer, with fewer sequences and without the administration of contrast agents. The causes of this discrepancy were attributed to technical factors and to the degree of training in the evaluation of MR images. Thus, the authors considered that constant training of radiologists and radiology technicians, including workshops and seminars, seems to be the right way to improve the accuracy of MRI in the evaluation of patients with rectal cancer.

Apart from the technical parameters, the characteristics of the standardized HR MRI report in staging patients with rectal cancer are also key to proper evaluation^\[^[@B13]^,^[@B14]^,^[@B57]^\]^. Taylor et al.^\[^[@B57]^\]^ have published a meticulous description of the standardized report, with the corresponding proforma. The authors emphasize the importance of using a proforma to prevent loss of information. Free text reports carry the risk of omitting important information on the staging, therefore preventing a correct approach to patients with rectal cancer. The same used to happen with histopathology reports. Regarding histopathologic evaluation of the CRM, a crucial risk prognostic factor in predicting local recurrence and postoperative treatment indicator was only reported in one-third of patients^\[^[@B57]^,^[@B128]^\]^ in an audit carried out in 1997. After the introduction of a minimum amount of information necessary to the reports, the rate improved nearly 100%, resulting in better selection of patients who had to receive postoperative adjuvant treatment. As noted in the audit, lack of description of the different prognostic risk factors can result in a false assumption leading to understaging and undertreatment^\[^[@B57]^,^[@B129]^\]^. Similarly, the authors mention a radiology audit that compared the free text reports versus the use of a proforma. Data relevant to the staging were omitted in 97% of the free text reports, whereas the omission was reduced to 3%^\[^[@B57]^\]^ with the use of the proforma. Assessing the potential involvement of CRM by HR MRI, i.e. the main factor in determining the use of preoperative chemoradiotherapy, was not reported in 74% of free text reports. However, with the introduction of proformas, this omission was reduced to 4%^\[^[@B57]^\]^.

Therefore, the use of standardized reports through a proforma and the optimum HR MRI protocol are key to the correct staging of patients with rectal cancer.

Usefulness of HR MRI in the evaluation of patients with suspected or confirmed recurrence
=========================================================================================

As previously mentioned, the implementation of TME and neoadjuvant hypofractionated radiotherapy or chemoradiotherapy treatments have reduced local recurrence rates from 25--40% to less than 10%^\[^[@B33]^\]^. It is evident that in patients with a negative CRM, with local recurrence rates of 5--10% and 5-year survival of 50--60%, distant metastases have become the leading cause of death^\[^[@B61]^\]^. In patients receiving neoadjuvant chemoradiation therapy alone, the distant recurrence rate is approximately 36%^\[^[@B40]^\]^, contributing to the lack of survival benefit of this regimen and making it necessary to intensify the systemic component. In several studies, the adjuvant chemotherapy regimen has proved to be a benefit in terms of survival^\[^[@B43]^\]^.

Local and distant recurrence of rectal cancer is usually diagnosed within the first 3 years after surgery, during routine follow-up^\[^[@B130]^\]^. There is growing evidence supporting that early detection of recurrence decreases deaths from colorectal cancer by 30--40%, with an absolute reduction in mortality of 7%^\[^[@B135]^\]^. Advances in surgical techniques along with a better selection of patients before surgery have improved survival results after resection of liver and lung metastases^\[^[@B135]^\]^. Therefore, early detection of recurrence, when potentially treatable, is the target of strict monitoring imaging. Patients with early asymptomatic recurrence, detected on time, are more likely to have a successful resection because as they become symptomatic, the probability of complete resection is lower^\[^[@B130]^,^[@B139]^\]^. In addition, knowledge of the predictable patterns of recurrence allows more careful evaluation of the images. These patterns are tumor spread, CRM involvement, peritoneal perforation, distal margin involvement and residual disease^\[^[@B139]^\]^.

In a meta-analysis by Renehan et al.^\[^[@B138]^\]^, the best results for monitoring that improved survival were obtained using CEA, clinical examination and annual chest, abdomen and pelvis CT. Intensive monitoring allowed earlier detection of all recurrences, with an average of 8.5 months (95% confidence interval 7.6--9.4 months), and a higher detection rate of isolated local recurrences. The absolute reduction in mortality was 9--13%. The American Society of Clinical Oncologists published guidance on monitoring after curative treatment of these patients in order to identify potentially treatable early recurrences, recommending annual CT in patients at risk of developing recurrent disease^\[^[@B140]^\]^.

Potter et al.^\[^[@B135]^\]^ compared the accuracy of serial CT/MRI review versus the FDG-PET/CT in patients with suspected or known recurrence. In patients with suspected recurrence, the authors recommended reviewing the serial images in order to correlate suspicious findings with previous studies, indicating FDG-PET/CT when findings are equivocal after review. The sensitivity, specificity and accuracy to detect recurrence showed no significant differences between serial review of images and FDG-PET/CT. In this series, FDG-PET/CT was indicated when the findings described in the report of the conventional studies were equivocal for the diagnosis of recurrence, when there was an unexplained increase in CEA and for excluding other sites of disease before planning curative surgery in patients with potentially resectable recurrent disease. These guidelines were based on previous studies, including a meta-analysis, which showed that after FDG-PET/CT, management of patients evaluated for recurrent rectal cancer changed in 29% of cases^\[^[@B135]^,^[@B141]^\]^.

HR MRI provides important anatomic information when recurrence is detected by CT or is clinically suspected, because it has a better contrast of the soft tissues, allowing more accurate delineation of the tumor^\[^[@B135]^\]^. Thus, early detection of recurrence after a strict follow-up by imaging and anatomic characterization by HR MRI provide the necessary information for the discussion of the best diagnostic and treatment options by the MDT.

Radical resection is the only potential cure for patients with locally advanced primary rectal cancer and for recurrence; it is considered curative only when histologic margins are tumor free (R0: 10--67% of cases)^\[^[@B130]^,^[@B142]^\]^. Complete tumor resection (R0) can result in a survival rate at 5 years of over 35%^\[^[@B130]^,^[@B143]^\]^. Microscopic or macroscopic residual disease (R1 and R2, respectively) in the resection margins may result in poorer survival^\[^[@B130]^\]^. However, curative resection is only possible when there is no spread of the disease and tumor invasion to adjacent structures is within the limits of resectability^\[^[@B130]^\]^.

The ability to provide detailed anatomic information from HR MRI allows the possibility of resection to be discussed by the MDT ([Fig. 11](#F11){ref-type="fig"}). Compared with CT, MRI can more accurately differentiate recurrence within a presacral scar, based on the difference in signal intensity between tumor and fibrosis on T2-weighted images or by administering intravenous contrast^\[^[@B130]^,^[@B144]^\]^. PET is an accurate diagnostic tool, showing advantages over CT and MRI in the differential diagnosis between recurrence and scar^\[^[@B141]^\]^. In a meta-analysis, PET showed a sensitivity and specificity of 94% in detecting local recurrence^\[^[@B145]^\]^, with a high accuracy in the detection of pelvic recurrence in patients who had previously received radiation therapy^\[^[@B146]^\]^. However, PET has limitations in detecting small volumes of disease and a relatively low sensitivity for the detection of lymph node metastasis^\[^[@B147]^\]^. Mucinous adenocarcinoma has poor FDG uptake and hence cannot be easily detected on PET^\[^[@B148]^\]^. HR MRI is essential to differentiate unifocal from multifocal disease, as in the detection of small and metabolically inactive lesions^\[^[@B139]^\]^. Figure 11A 60-year-old man with rectal cancer recurrence. The recurrence involves the left sacral roots S2, S3 and S4. (A) Axial T2-weighted HR MRI shows extension of the tumor to the dural sac (arrow) at the level shown in (C). Ureteral dilatation is also seen (arrowhead). (B) Axial T2-weighted HR MRI shows extension of the tumor through the sacral root S3 (arrow) at the level shown in (C). (C) Coronal T2-weighted HR MRI shows the extension up to the dural sac through the sacral root S3 (arrow). (D) Rectal cancer recurrence involving the posterior and left lateral compartment. Fatty infiltration of the left piriformis muscle is seen (arrowhead).

It is important to know the pattern of pelvic recurrences for proper interpretation and therapeutic decision making by the MDT. In an effort to establish a criterion for better prediction of tumor resectability and outcome, different classifications have been proposed^\[^[@B130]^\]^. Georgiou et al.^\[^[@B130]^\]^ proposed a new classification based on the limits defined by the fascia and the anatomic planes of dissection between intrapelvic organs. Thus, the recurrence is classified according to the HR MRI findings of tumor invasion within 7 intrapelvic compartments: (1) central (rectum or neorectum, intraluminal recurrence, mesorectum or perirectal fat, extraluminal recurrence), (2) reflection peritoneal (rectovesical pouch or rectouterine pouch of Douglas), (3) anterior above the peritoneal reflection (ureters and iliac vessels above the peritoneal reflection, sigmoid colon, small bowel and lateral parietal fascia), 4) anterior below the peritoneal reflection (genitourinary system), (5) lateral (ureters, internal and external iliac vessels, lateral pelvic lymph nodes, sciatic nerve, sciatic notch, nerve roots S1 and S2, internal obturator or piriformis muscles), (6) posterior (coccyx, presacral fascia, retrosacral space, sacrum to the upper level of S1) and (7) inferior (levator ani, external sphincter complex, perineal scar (APE), ischioanal fossa). Diagnosis of tumor invasion by HR MRI into the lateral compartment, posterior compartment or into more than 2 compartments was associated with reduced disease-free survival^\[^[@B130]^\]^. In a recent publication, Georgiou et al.^\[^[@B149]^\]^ analyzed the accuracy of HR MRI to detect invasion of adjacent structures at the expense of colorectal tumors, according to 7 intrapelvic compartments. Information was used for planning pelvic exenteration, defined as surgical excision beyond the conventional mesenteric plane in patients with locally advanced colorectal cancer (*n*=23) and patients with recurrent colorectal cancer (*n*=41). The sensitivity of HR MRI was ≥93.3% for all the compartments, except the lateral (89.3%). Specificity for the posterior compartment (82.2%) and specificity for the anterior compartment below the peritoneal reflection (86.4%) were lower compared with the other compartments. The diagnostic invasion by HR MRI of the anterior compartment above the peritoneal reflection was associated with poorer survival. The authors conclude that HR MRI is accurate to determine the extent of colorectal tumors in the pelvis and can therefore be used to determine the type of surgery required for curative resection, emphasizing that HR MRI should always be used in the staging of patients with locally advanced pelvic colorectal cancer.

Thus, the recurrences identified on HR MRI in the central compartment, in the anterior compartment below the peritoneal reflection, in the posterior compartment below S2 or a perineal location are potentially resectable^\[^[@B139]^\]^. The following recurrences are probably not resectable: those localized in the lateral compartment, those infiltrating the sciatic nerve, those compromising S1--S2 and those with peritoneal perforation^\[^[@B139]^\]^.

In patients with increased CEA levels and a negative serial review of previous CT exams, HR MRI would allow ruling out local recurrence of rectal cancer. HR MRI along with additional information from FDG-PET/CT and liver MRI would therefore contribute to MDT decision making^\[^[@B135]^,^[@B139]^\]^. When recurrence is suspected by a positive serial examination of previous CT scans, because of a suspicious mass or an increase in size of the mass, HR MRI can delineate pelvic recurrence. Positive findings on HR MRI and an increase in CEA lead to the diagnosis of recurrence^\[^[@B13]^,^[@B139]^\]^. In these cases, the next question to be answered by HR MRI is related to the possibility of resection of the lesion. In patients with positive findings on HR MRI and normal CEA level, FDG-PET/CT provides additional information^\[^[@B135]^,^[@B139]^\]^.

Radiologic findings are what determine tumor resectability^\[^[@B130]^\]^. Therefore, accurate preoperative staging can help to establish the extent of local disease and the presence or absence of distant metastases. The identification or absence of extrapelvic disease is the key to MDT decision making when considering exenterative surgery in patients with locally advanced primary rectal cancer or recurrence of rectal cancer^\[^[@B130]^\]^.

Diffusion-weighted imaging can provide additional information regarding the extent of disease. However, its role remains unclear because it has not been validated due to the absence of substantial evidence in connection with diagnostic accuracy^\[^[@B130]^\]^. The role of HR MRI and the role of diffusion-weighted imaging were evaluated in a retrospective study that reported a high accuracy of MRI in the diagnosis of local recurrence of rectal cancer when this recurrence is suspected^\[^[@B150]^\]^. Forty-two patients with suspected recurrent rectal cancer, including 19 recurrences, showed that diffusion-weighted imaging did not significantly improve the diagnostic yield. However, a trend was noted toward additional value of diffusion-weighted imaging by improving the specificity in the diagnosis of recurrence. The limitation of HR MRI is generally related to overestimation of the presence of tumor within fibrotic scar tissue after surgery^\[^[@B151]^\]^. Diffusion-weighted imaging clearly discriminates abnormal signal intensity of the tumor from adjacent organs such as the intestine and fibrosis^\[^[@B154]^\]^. Moreover, the benefit of diffusion-weighted imaging would be more obvious in the detection of small anastomotic recurrences^\[^[@B150]^\]^.

In summary, regarding the evaluation of recurrence of rectal cancer, HR MRI allows the lesion to be characterized, providing anatomic detail, detecting small lesions and metabolically inactive disease^\[^[@B139]^\]^. MDCT provides information concerning the pulmonary nodules and small peritoneal nodules, whereas FDG-PET/CT detects other sites such as remote nodes or peritoneal deposits and makes other pathologies evident^\[^[@B139]^\]^.

Conclusion
==========

The complexity of the management of rectal cancer is currently a challenge for all disciplines involved. HR MRI plays a crucial role in the dynamics of the MDT, namely initial staging, subsequent evaluation of response to neoadjuvant treatment and monitoring of patients for early detection of probable recurrence. Knowledge of the disease and the prognostic impact of the information provided by HR MRI improve the quality of the contribution of radiologists to the MDT. Proper selection of the technical parameters of HR MRI and the use of standardized reports make it possible to achieve better results. The same applies to the MDT discussion of the HR MRI findings. Because the target of teamwork is to treat each patient taking into account the characteristics of the individual and the cancer the patient has, i.e. so-called personalized medicine, the radiologist's role in the MDT entails the need to manage information and incorporate knowledge beyond anatomic description of the findings.
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